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APPLICATION NOTE
Determining the Time Needed for the Vortex
Method for Preparing Solvent-Free MALDI
Samples of Low Molecular Mass Polymers
Scott D. Hanton and James R. Stets
Air Products and Chemicals, Inc., Allentown, Pennsylvania, USA
Matrix-assisted laser desorption/ionization (MALDI) mass spectrometry is an important
technique to characterize many different materials, including synthetic polymers. MALDI
mass spectral data is used to determine the polymer average molecular weights, repeat units,
and end groups. The development of the vortex method of solvent-free sample preparation
showed that remarkably short mixing times could prepare samples that yielded high quality
MALDI mass spectra. In this paper, we use microscopy images and MALDI mass spectra to
evaluate the mixing time required by the vortex method to produce mass spectra for low
molecular mass polymer samples. Our results show that mixing times of as little as 10 s can
generate homogeneous thin films that produce high quality mass spectra with S/N  100. In
addition, ultrashort mixing times of only 2 s still produce samples with mostly smooth
morphology and mass spectra with S/N 10. (J Am Soc Mass Spectrom 2009, 20, 1115–1118)
© 2009 Published by Elsevier Inc. on behalf of American Society for Mass SpectrometryMatrix-Assisted Laser Desorption/Ionization(MALDI) mass spectrometry [1–4] is an im-portant technique to characterize the chemical
structure of many different analytes, including indus-
trial polymer materials [5–10]. MALDI generates impor-
tant data on telomer repeat units, end groups, and
average molecular weights of these materials. MALDI
methods have been developed to address a broad
variety of different polymer materials containing differ-
ent chemistries and different molecular weight ranges.
To address issues with solubility and matrix compati-
bility, solvent-free sample preparation methods have
been developed. While several groups investigated
solvent-free sample preparation methods at nearly the
same time, the methods developed by Trimpin, Räder,
and coworkers have gained widespread use [11–14]. To
make the sample preparation step easier, less time
consuming, and reduce the risk of cross contamination,
we developed a simple version of the solvent-free
sample preparation method, now called the vortex
method [15]. Previously, we examined the morphology
of solvent-free prepared samples using powerful mi-
croscopy tools, such as atomic force microscopy (AFM),
scanning electron microscopy (SEM), and time-of-flight
secondary ion mass spectrometry (TOF-SIMS) [16].
To further understand the vortex method of solvent-
free MALDI sample preparation, we have studied sam-
ples prepared with different vortex mixing times. The
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produced remarkably homogenous thin films, and that
the thin films were composed of submicron features
[16]. In this paper, we search for the minimum vortex
time required to create these homogenous thin films.
We expect that this research will further illuminate the
vortex method and enable greater efficiency of prepar-
ing these samples by showing that shorter vortexing
times create equivalent MALDI mass spectra.
We will characterize the different samples with both
MALDI and SEM. MALDI will be the critical method to
determine if the sample preparation has been success-
ful, and SEM will be used to learn more about the
sample morphology and what changes in the morphol-
ogy can tell us about the MALDI process.
Experimental
Chemicals
The polymethylmethacrylate (PMMA) 2000 Da material
was obtained from American Polymer Standards (Men-
tor, OH). The samples were prepared for MALDI using
indole acrylic acid (IAA) obtained from Aldrich (Mil-
waukee, WI). Samples were doped with sodium triflu-
oroacetate (NaTFA) as a cationization agent obtained
from Aldrich. All chemicals were used as received.
Sample Preparation: Vortex Method
All samples were prepared using the vortex method as
described in references [16, 15]. In the vortex method,
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1116 HANTON AND STETS J Am Soc Mass Spectrom 2009, 20, 1115–1118we combined dry components of the analyte (about
0.1–0.2 mg), matrix (20–40 mg), and cationization agent
(trace to 0.1 mg) in a small glass vial, added two small
metal balls, and mixed on a vortex mixer for a variable
amount of time. We obtained data on samples mixed for
2–60 s. After mixing, the samples are applied to the
MALDI target with a spatula to form a thin film.
Mass Spectrometry
All of the MALDI experiments were conducted on a
Bruker Biflex III (Billerica, MA) TOF mass spectrometer.
These experiments were all conducted in reflectron
mode using delayed extraction. The Biflex was equipped
with a nitrogen laser operated at 337 nm and 3 Hz. The
laser fluence was optimized to be slightly above thresh-
old for ions. The source conditions of the mass spec-
trometer were optimized for mass resolution near
the peak of the analyte telomer distribution. Spectra
were collected by moving the sample target relative to
the laser and averaging 125 shots/spectrum. The data
Figure 1. SEM images from samples of PMMA
as the cationization agent utilizing 60 (a), 10 (b),
samples show very smooth images; 5 and 2 s sa
images were acquired at low vacuum with 20 kV accwere analyzed using Polymerix software (Sierra Ana-
lytics, Modesto, CA).
Imaging
The SEM experiments were conducted on a JEOL JSM-
5910LV scanning electron microscope [17]. The instru-
ment was operated in low-vacuum mode, [low-vacuum
mode (sometimes called variable-pressure mode) is
used to image insulating specimens without applying a
metal coating. The residual air and water molecules in
the SEM specimen chamber are ionized by the electron
beam, resulting in a positively-charged field immedi-
ately above the specimen. The positive field effectively
cancels the excess negative charge in the specimen,
allowing microscopy to be performed without charging
artifacts] with a pressure in the specimen chamber of
20 Pascals. No conductive metal coating was applied
to the specimens. The accelerating voltage was 20 kV in
low-vacuum mode. All images were collected using the
backscattered electron signal.
Da prepared with IAA as the matrix and NaTFA
and 2 (d) seconds of vortex mixing; 60 and 10 s
s show more features on the surface. All of the2000
5 (c),
mpleelerating voltage and 2000 magnification.
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Previous work on vortex method solvent-free sample
preparation showed smooth thin films that were sur-
prisingly homogeneous for mixing times of about 60 s
[16]. High and low magnification SEM images of a
typical sample are shown in the Supplemental Informa-
tion, which can be found in the electronic version of this
article.
To examine the impact of mixing time on the mor-
phology of the samples, we initially created samples
mixed at 60, 50, 40, and 30 s. The SEM images from all
of these samples were essentially the same (data not
shown) as the images in the Supplemental Information.
We then created samples with mixing times of 20, 10, 5,
and 2 s. Figure 1 shows the SEM images of the 60, 10, 5,
and 2 s samples. The 10 s sample (Figure 1b) shows the
same featureless thin film as the 60 s image (Figure 1a).
When the mixing time is reduced to 5 s (Figure 1c) we
begin to see more, larger features on the surface of the
thin film. The thin film is still complete and has areas
that are featureless and homogenous, like the 60 and
10 s mixing time samples, however, we can now see
some other, larger features on the surface. The image of
the 2 s mixing sample (Figure 1d) appears much like the
5 s mixing sample image. We can see morphology
differences between the 5 s and 10 s of vortex mixing.
The samples are rougher and show more and larger
features in the 2 and 5 s samples. From these data we
can see that the vortex mixing is starting to be less
efficient at 5 s.
We were unable to effectively measure vortex mixing
times shorter than 2 s. The issue with any shorter
mixing times is having sufficient precision in the timing
to demonstrate that the mixing time was clearly differ-
ent than the 2 s experiment. If we can determine a
method to have precise mixing times less than 2 s, we
will continue to explore even shorter mixing times.
While we can start to observe changes, such as
greater roughness and larger feature size in the overall
morphology at the 5 s mixing time, how does this
morphology translate to the MALDI experiment? We
have demonstrated previously that smooth, homoge-
neous samples produce very effective MALDI mass
spectra [16, 18]. We analyzed each of the samples
prepared at different mixing times by MALDI. In short,
usable data were obtained for each sample, even the 2 s
mixing time sample! Figure 2 shows MALDI mass
spectra for the 60, 10, 5, and 2 s mixing time samples.
Samples made with mixing times between 60 and 20 s
create very similar MALDI data (data not shown).
Analyzing the mass spectra obtained in these exper-
iments show some interesting results. The mass spectra
produced with mixing times from 60–20 s (Figure 2a),
and some of the spectra produced with mixing times of
10 s (Figure 2b) produce high quality data. We measure
signal to noise (S/N) of about 100. In acquiring the data,we find that the samples are very homogeneous in that
we see essentially no dependence of sample position
on the MALDI signal. This was also observed in the
previous work, [16] and in work on samples produced
by electrospray deposition [18]. The mass spectra pro-
duced with mixing times from 10–5 s (Figure 2c and d)
can still produce very nice MALDI data. We measure
S/N  50, but now we do observe some spot to spot
differences, and some sample to sample differences. For
example, Figure 2b and c are both from the same
sample produced with 10 s of mixing time. The mass
spectrum in Figure 2b is excellent, much more like the
mass spectra obtained from longer mixing times. Figure











Figure 2. MALDI mass spectra of samples of PMMA 2000 Da
prepared with IAA as the matrix and NaTFA as the cationization
agent utilizing 60 (a), 10 (b) and (c), 5 (d), and 2 (e) seconds of
vortex mixing. We see excellent mass spectra with S/N  100 for
spectra from 60–10 s, good mass spectra with S/N 50 for spectra
from 10–5 s, and meaningful mass spectra with S/N  10 for
spectra from the ultrashort mixing time of 2 s.with the shorter mixing times. In fact, Figure 2b is not as
1118 HANTON AND STETS J Am Soc Mass Spectrom 2009, 20, 1115–1118good a mass spectrum as that from a sample produced
from only 5 s of mixing time (Figure 2d).
Even at a mixing time of only 2 s, we still obtain a
usable mass spectrum of the PMMA 2000 Da sample.
The S/N is now only about 10 and we now observe
some significant spot to spot variations. While Figure 2e
is not an outstanding mass spectrum, it clearly shows
that the mixing process in the vortex method is remark-
ably fast. In only 2 s of mixing time, we have created
sufficient interaction between the matrix and the ana-
lyte to produce a usable (if not high quality) MALDI
mass spectrum.
Conclusions
Using MALDI and SEM, we explored the time depen-
dence of the vortex mixing of the solvent-free MALDI
sample preparation method. Our data shows that the
vortex method of sample preparation is effective with
surprisingly short mixing times. We obtain high quality
data from samples with as little as 10 s of mixing time.
For even shorter mixing times of 5, or even 2 s, we can
obtain meaningful mass spectra of the polymer analyte.
In this work, we have focused on low mass polymers
in the mass range below 5000 Da. Others have shown
that higher mass polymers can be successfully prepared
by solvent-free methods. We are still working to under-
stand the impact of the average molecular weight and
the mixing time. At this point, apparently larger poly-
mers will benefit from longer mixing times, and that
these ultrashort mixing times are not applicable to
higher mass polymers.
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